The aim of this paper is to evaluate the importance of seawater desalination to the supply of fresh water to SE Spain, in order to tackle the problem of the shortage of water resources.
Introduction
The Southeast of Spain presents a structural problem; inadequate water resources in quantity and quality to satisfy the demands of drinking water. The recurrent and frequent drought periods (1980-1982, 1993-1995, and 2005-2008) have generated important crises and greatly complicated water management [1] . The Mancomunidad de los Canales del Taibilla (MCT) currently supplies water to official establishments, organisations and 80 municipalities spread over the regions of Murcia, Valencia and Castilla La Mancha ( Figure 1 ). In this area, the population supplied corresponds to more than 2,400,000 inhabitants, which increases to more than 3 million in the summer period due to tourism. To deal with this demand for water, the MCT has had to evolve throughout its long history. The insufficiency of existing resources for the progressive increase of the population in this area has motivated the continuous search for new water resources by the MCT agency: initially (1927) with the Taibilla river resources, since 1978 with the contribution from the Tajo-Segura transfer that is a 286 km long pipeline connecting four different Spanish river basins; the Tajo, Júcar, Segura and Guadiana, and until the present day with the desalination of seawater, the latest resource available by this agency [2] . Spain's Programa AGUA was proposed in 2004 as a replacement for the Spanish National Hydrological Plan and represented a fundamental policy shift in national water management from large inter-basin water transfers to a commitment to desalination. The difficulties to increase (or even maintain) water transfers from the Tajo river, the abolition of the Ebro river transfer in 2004, the reduction of the expected flows from the Júcar river and on the other hand, the development of the desalination industry, are factors determining seawater desalination as an essential resource to maintain the water supply and ensure the quality of drinking water, especially in periods of shortage and in exceptional situations of water resource management.
The desalination of seawater is predominantly used to alleviate the problem of water scarcity in dry coastal regions [3] and accounts for a worldwide production capacity of more than 80 Mm 3 /day [4] . The main impact of desalination on the environment is related to the discharge of the brine produced into the sea, however monitoring programs designed and performed with maximum rigour and scientific quality allow to determine if brine discharge is affecting marine benthic communities [5] [6] [7] [8] . Moreover, when significant impact on the environment has been observed, mitigation measures that increase the dispersal of brine have been successfully introduced [3, 9, 10] . Monitoring of brine discharge is regulated by national legislation and promoted by the MCT [11] [12] [13] [14] .
Since 2003, the Mancomunidad de los Canales del Taibilla has 4 seawater reverse osmosis desalination plants (Table 1) , with a total capacity of 96 Mm 3 per year, in addition to the resources provided by the Taibilla river, the input of the Tajo-Segura transfer and the contributions of extraordinary resources, i.e. resources that are only used when no others are available such as some groundwater emergency wells or some inputs from the basins of the Segura and Júcar rivers, together with other resources such as contracts for the transfer of water rights signed with irrigation communities and agreements with the Acuamed society to exploit other desalination plants.
The annual freshwater demands and the analysis of the desalinated water contribution to the distribution system of the Mancomunidad de los Canales del Taibilla (MCT) are presented in this paper, with data provided by MCT. The historical evolution of the desalinated water over a decade, since the start of the desalination plant of Alicante I (September 2003), will allow the assessment of the contribution of desalination plants to resources managed by the MCT, which should ensure supply in this semi-arid zone of SE Spain, with a summer population of over 3 million inhabitants. * In May 2005 the plant started up with a provisional discharge at the shoreline by dilution with a limited production (one third of total capacity on average). In January 2006, the outfall was completed and became fully operational with the discharge through the outfall.
Material and Methods
Daily production data was obtained from each desalination plant. Data was aggregated to obtain monthly and annual production for each plant. Performance of each plant was obtained dividing annual production by their maximum theoretical annual production, 24 Mm 3 /y, except for Alicante II in 2008 that only 12 Mm3 was used as theoretical maximum since this plant has started his production in July of this year (table 1) .
Information on other freshwater sources used was obtained from the Mancomunidad de los Canales del Taibilla (MCT) annual reports. MCT also provide us with additional information on cost of each of the water sources they used.
Results and discussion
The annual freshwater demands for domestic use, including municipal resources, in the last 25 years, are presented in Figure 2 . These demands have undergone oscillating changes, with a tendency to increase on average. During the period 1998-2005, the demand evolved with values consistent with the provisions of the Hydrological Plan of the Segura River Basin, approved by the Spanish Royal decree 1664/1998 of 24 July in the Official State bulletin [15] , where the corresponding demands were evaluated for the 1st period These two very distinct phases in the evolution of the contribution of desalinated water are marked by the conditions of water resources available at all times.
In the years 2003-2009, the contributions of the "traditional" resources of the MCT decreased:
-The Taibilla river decreased its contribution, reaching a historical minimum in 2008, with a volume of 36.8 Mm 3 .
-Resources from the Tajo-Segura also underwent a reduction during this period. Usually, periods of shortage of input at the head of the Segura basin coincide with a lower contribution from the Tajo-Segura.
The introduction of desalination from 2003 onwards allowed the amount of extra resources requested to be reduced, as was the case of transfer contracts of water rights to irrigation communities, among other resources.
In the period 2009-2013, conditions changed with more availability of traditional resources and the volume of desalinated water supplied to the network was reduced:
-Demand in the region underwent a progressive reduction, mainly as a consequence of the increased network performance (reduced losses) and water saving campaigns among the general public.
-The Taibilla river changed the trend of the previous period and the water volumes begin to rise, reaching a record of the last 20 years with 72.1 Mm 3 .
-The increase in contributions at the headwaters of the Tajo river due to more humid years which motivated the increase of the resources from the Tajo-Segura transfer, reaching 99.5 Mm 3 in 2013.
This motivated the decrease in the production required from desalination plants during this period (2009-2013), except for the year 2012, when it was necessary to increase the water desalination production to cope with the water demand, after the collapse of the Ulea tunnel.
In recent years, the contribution of the river Taibilla and mainly the volume contributed by the Tajo-Segura transfer remain the major resources available to the MCT. However, the use of desalinated water as an available resource has been extremely important when the hydrological situation of the other resources have required the use of this endless source of water. As can be seen in Figure 4 , the production of desalinated water amounted to 20.2% of the total production of the MCT network, during the period 2004-2013, similar to the contributions from the Taibilla river, the main and traditional resource of the MCT when it was created. These changes in the availability of different freshwater sources influenced the performance of the desalination plants (Table 2) . Before 2009 the scarcity of surface water due to the drought period was managed with the introduction of desalinated water with a very high performance of the plants that reach an annual production close to 90% of the theoretical annual maximum for three of the four plants. Only Alicante II that was introduced in the system by the end of this period has a lower performance. After 2009 the decreasing trend in the performance of the plants is due to the lower needs of desalted water in the system only interrupted in 2012 due to the collapse of the Ulea tunnel. This is due to the lower cost of surface waters, when available, than that of desalted water, on average 0.5 euro/m 3 , more or less the double than the cost of treated wastewater reuse. However, it has to be considered that desalination increase the reliability of the system since it is an endless source that it is not affected by climatic cycles. In the future, desalination will play a more important role due to the implementation of the new rules of exploitation of the Tajo-Segura transfer. These new rules determine a maximum annual contribution of 90 Mm 3 (7. Figure 6 . Moreover, in the Mediterranean basin, several studies have revealed general trends towards reduced precipitation and increased inter-annual variability, which are consistent with scenarios of future climate changes. As a consequence, it is expected that the magnitude, frequency and spatial area of droughts over the region will increase in the future [18, 19] . This modification in the maximum annual contribution could suggest the need to increase desalinated water production, to cope with this decrease in the maximum assigned volume to the Tajo-Segura transfer.
Conclusions
Surface water, when available, has a lower cost than desalted water. However, in SE Spain there is a scarcity of surface water to supply the population that may increase in the future. The evolution of desalinated water as a resource in the network distributionproduction of the Mancomunidad de los Canales del Taibilla (MCT) during the period 2004-2013 permits desalination treatment to be considered as an important resource. During this period, desalination amounted for 20.2% of the total resources of the MCT, similar to the resources provided by one of the traditional sources such as the Taibilla river.
In some years during this period, the hydrological situation that determines the volumes produced by traditional sources of resources or the lack of availability of access to these resources for exceptional situations was resolved by increasing the production of the desalination plants to cope with the demand for water. This occurred in 2008 and 2009 when a third of the resources came from desalination, or in 2012 with the collapse of the Ulea tunnel in post-transfer that cut off the supply of Tajo-Segura transfer for several months when this represents, on average, almost half of the resources used by MCT. These results demonstrate that desalination increase the reliability of the system since their contribution may increase easily to face problems in the availability of other freshwater sources.
The change in the rule of exploitation of the Tajo-Segura transfer determines a new distribution of transferable volumes to supply. The decrease in the maximum annual volume allocated to supply poses a new scenario for the Mancomunidad de los Canales del Taibilla, where desalination has to play a fundamental role.
Therefore, desalination should be considered as a strategic solution, complementary to other available resources assigned to resolve the structural deficit. Since desalination is independent of hydrological cycles that determine the recurrent droughts in the southeast of Spain, it guarantees the supply of water, in an additional way and with an increasingly competitive technology. Other contributions 16,6% 18,4% 19,1% 5,9% 16,3% 0,3% 0,6% 0,1% 1,7% 3,3% Resources from the Tajo-Segura tranfer (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) 
